The most consumed squid species worldwide were characterized regarding their concentrations of min-erals, fatty acids, cholesterol and vitamin E. Interspecific comparisons were assessed among species and geographical origin. The health benefits derived from squid consumption were assessed based on daily minerals intake and on nutritional lipid quality indexes. Squids contribute significantly to daily intake of several macro (Na, K, Mg and P) and micronutrients (Cu, Zn and Ni). Despite their low fat concentration, they are rich in long-chain omega-3 fatty acids, particularly docosahexaenoic (DHA) and eicosapentanoic (EPA) acids, with highly favorable x-3/x-6 ratios (from 5.7 to 17.7), reducing the significance of their high cholesterol concentration (140-549 mg/100 g ww). Assessment of potential health risks based on minerals intake, non-carcinogenic and carcinogenic risks indicated that Loligo gahi (from Atlantic Ocean), Loligo opalescens (from Pacific Ocean) and Loligo duvaucelii (from Indic Ocean) should be eaten with moderation due to the high concentrations of Cu and/or Cd. Canonical discriminant analysis identified the major fatty acids (C14:0, C18:0, C18:1, C18:3x-3, C20:4x-6 and C22:5x-6), P, K, Cu and vitamin E as chemical discriminators for the selected species. These elements and compounds exhibited the potential to prove authenticity of the commercially relevant squid species.
Introduction
Cephalopods are interesting marine organisms due to their nutritional, commercial and ecological importance. Mediterranean countries are top consumers of cephalopods being only equaled or surpassed by some Asian countries (FAO, 2012) . Diets that include seafood on a regular basis may represent some health benefits regarding nutritionally relevant compounds such as minerals, omega-3 fatty acids and vitamin E. However, cephalopods contamination with aquatic pollutants, namely toxic metals has been reported as a consequence of environmental pollution (Galitsopoulou et al., 2009; Lourenço et al., 2009; Manso et al., 2007; Prafulla et al., 2001; Seixas et al., 2005; Storelli et al., 2010) . In addition, cephalopods have poor metabolic capacity (Gomes et al., 2013; Semedo et al., 2012) which facilitates bioaccumulation. Consequently, characterization of metals, fatty acids, vitamin E, and cholesterol levels in cephalopods is relevant from the nutritional and safety points of view, enabling a more balanced intake with potential health benefits.
Among cephalopods, squids represent an important food source, with Loligo duvaucelii, Loligo gahi, Loligo reynaudii, Loligo opalescens and Loligo vulgaris as the major squid species in terms of world trade and landing (FAO, 2010 (FAO, , 2011 . However, there is quite limited information on the macro-and micronutrients, as well as toxic elements except for mercury (Cardoso et al., 2012) , of other commercially important squid species than L. vulgaris (Lourenço et al., 2009; Manso et al., 2007; Olmedo et al., 2013; Storelli et al., 2010) . Recently Cardoso et al. (2012) assessed the risks of methyl-mercury intake through cephalopods consumption in Portugal. Authors found that squid presents no health concern with respect to methyl-mercury. Moreover, the majority of the few studies available are related with environmental monitoring studies while in terms of food safety only the edible tissues should be analyzed (Falandysz, 1989; Galitsopoulou et al., 2009; Lourenço et al., 2009; Manso et al., 2007; Prafulla et al., 2001; Seixas et al., 2005) .
Seafood polyunsaturated fatty acids (PUFA) are rich in long-chains of x-3 (Chow, 2008; Miliou et al., 2006; Navarro and uum source flame atomic absorption spectrometry (HR-CS-FAAS). The applied ma-trix modifiers for high-resolution continuum source graphite furnace atomic absorption spectrometry (HR-CS-GFAAS) determinations were 1% v/v NH4H2PO4 Villanueva, 2000; Salman et al., 2007) , with a recognized imporfor Cd and Pb analyses, 1% v/v Mg(NO3)2 for Cr and Fe, 0.05% v/v Mg(NO3)2 for Ni tance in the prevention of several of the modern health disorders (Russo, 2009) . As a marine resource, squids are nutritionally valu-able regarding their concentrations in docosahexaenoic acid (DHA) and eicosapentanoic acid (EPA), described as having hypotriacylglycerolemic, antiarrhythmic, antiatherogenic, antithrombotic and antiinflammatory properties. Subsequently, EPA and DHA are considered as protective agents against coronary heart diseases (CHD) (Wijendran and Hayes, 2004) . Vitamin E is a lipid-soluble antioxidant agent known for its abil-ity to protect sensitive molecules such as unsaturated fatty acids against oxidation, by its ability to neutralize free radicals and re-duce lipid peroxidation (Pazos et al., 2005) , with a-tocopherol being the most bioactive component. In nature, it exists at high concentrations when x-3 PUFAs concentrations are also high (Chow, 2008) .
Regarding cholesterol, and in comparison with other cephalo-pods, squids have a high concentration of this sterol in their com-position (Oehlenschläger, 2006) , which should not be neglected in nutritional studies due to its potential negative effect on blood cholesterol.
To the best of our knowledge, information about fatty acids composition, cholesterol and vitamin E concentrations in commer-cially available squids is scarce and even scarcer for squids other than the L. vulgaris species (Passi et al., 2002; Villanueva et al., 2009; Miliou et al., 2006; Navarro and Villanueva, 2000; Ozogul et al., 2008; Salman et al., 2007) . Cholesterol concentration was previously described for L. gahi (García-Garrido et al., 2011; Valver-de et al., 2012) and L. duvaucelii (Mathew et al., 1999; Uddin et al., 2001) , while vitamin E data were only found for L. vulgaris (Passi et al., 2002; Villanueva et al., 2009 ).
The present study aims to characterize and compare the most relevant commercial squid species in terms of their main essential elements (Ca, Mg, Na, K, P, Zn, Cu, Fe, Mn, Cr and Ni), toxic elements (Cd, Pb, As), fatty acids profile, cholesterol and vitamin E levels. The selected species are those commercially available worldwide, from the Indic, Atlantic and Pacific Oceans, and sold in the Portuguese market. As far it is known, no previous study was published regard-ing a so extended nutritional characterization of squids. Another goal of this study was to assess the potential health benefits/risks for low and high squid consumer populations (FAO, 2012) . This evaluation was based on the daily minerals intake, the nutritional lipid quality indexes, and on the non-carcinogenic target hazard quotient (THQ) and target carcinogenic risk (TR) established by the U.S. Environmental Protection Agency (US EPA, 2010). Further-more, canonical discriminant analysis (CDA) was applied as pattern recognition technique to identify chemical descriptors for the se-lected species to allow authenticity control.
Material and methods

Reagents
A Milli-Q water purification system (Millipore, Molsheim, France) was used to obtain ultrapure water (resistivity of 18.2 MO cm -1 ) for quantitative analysis. Standard solutions of Ca (0.10-0.80 mg/L), Mg (0.05-0.35 mg/L), Zn (0.04-0.40 mg/L), Cu (2.50-22.5 lg/L), .0 lg/L), .0 lg/L), .00 lg/L), .0 lg/L), Cd (0.10-2.00 lg/L), Pb (1.00-20.0 lg/L) and As (10.0-60.0 lg/L) were prepared from their corresponding 1000 mg/L stock solutions (Pan-reac, Barcelona, Spain). K (0.10-1.40 mg/L), Na (0.10-1.20 mg/L) and P (2.00-28.0 mg/L) standard solutions were obtained by potassium chloride (99.5%, Rie-del-de Haën, Seelze, Germany), sodium chloride (99.8%, Riedel-de Haën, Seelze, Germany) and potassium dihydrogen phosphate (99.5%, Riedel-de Haën, Seelze, Germany) dissolution in ultrapure water, respectively. Standards and samples were acidified with 1% (v/v) suprapur nitric acid (65%; Sigma-Aldrich, Steinheim, Ger-many). Cesium chloride (P99.5%; SigmaAldrich, Steinheim, Germany) was used as ionization chemical suppressor for the quantification by high-resolution continand 0.1% v/v Pd(NO3)2/0.05% v/v Mg(NO3)2 for Mn and As. The color development reagent for P determination by spectrophotometry was prepared as described in 4500-P standard (Greenberg et al., 1992) by the addition of ammonium molybdate tetrahydrated (99.0%, Merck, Darmstadt, Germany) and ammonium metavanadate (99.0%, Merck, Darmstadt, Germany). All glassware and polyethylene materials were soaked in nitric acid (10% v/v) at least 24 h, thoroughly rinsed with ultrapure water and dried before use.
For cholesterol, vitamin E, fatty acids and total fat analysis, propan-2-ol, cyclo-hexane, and HPLC grade n-hexane were purchased from Merck (Darmstadt, Ger-many) while 1,4-dioxane was from Sigma-Aldrich (Steinheim, Germany). Methanol and potassium hydroxide were acquired from Panreac (Spain). Boron tri-fluoride in methanol (14%), butylated hydroxytoluene (BHT) and ascorbic acid were obtained from Sigma-Aldrich. The internal standard for fat estimation, triundecan-oin, was also from Sigma-Aldrich (Steinheim, Germany), while the internal stan-dard for vitamin E quantification, tocol, was obtained from Matreya (USA). Tocopherol and cholesterol standards were from Sigma-Aldrich (Steinheim, Ger-many) and the fatty acids methyl esters (FAMEs) standard was from Supelco (Belle-fonte, PA). All other chemicals were of analytical grade from diversified suppliers.
Sample collection and characterization
Squids from the different geographical origins available to Portuguese consum-ers were purchased randomly from the markets in NW region of Portugal during 2010 and 2011. The species collected were L. duvaucelii and L. vulgaris from the In-dic Ocean, L. reynaudii and L. gahi from the Atlantic Ocean, and L. opalescens from the Pacific Ocean.
Sample collection, biometric characterization and preparation were performed in accordance with US EPA Guide No 823-B-00-07 and EC Regulation No. 333/2007 (European Commission, 2007 . Specimens were carefully weighed, biometrically characterized (tentacle, mantle and total lengths) and manually eviscerated. The mean weight values were 24.5 g (L.
reynaudii) while the mean total length order was 17.1 cm (L. opalescens)
. These biometric parameters indicated that the species were all adults and have statistically significant different (p < 0.05) weight (except between L. duvaucelii and L. vulgaris) and total length (except among L. duvaucelii and L. reynaudii).
Each sample for further analysis (n = 27 for L. duvaucelii and L. reynaudii; n = 26 for L. vulgaris; n = 59 for L. gahi; n = 54 for L. opalescens) consisted of an equal amount of the edible tissues (mantle and arms) of, at least, four individuals and had a minimum mass of 200 g. Homogenization was performed mechanically with a blender until a smooth paste was obtained. Samples were kept frozen in 50 mL polycarbonate containers at -20 °C until analysis. For each sample, three indepen-dent assays were performed. Moisture was determined by oven drying at 100 °C.
Elemental analyses
Homogenized samples were accurately weighed (1.250-1.350 g) to Teflon ves-sels using a MS Analytical Balance (MS105, Mettler Toledo, Switzerland), and then dried in a microwave Mars-X 1500 W (Microwave Accelerated Reaction System for digestion and extraction, CEM Mathews, NC, USA) until three reproducible weight values were obtained. Ten milliliters mL of suprapur nitric acid (65%) was then added to each vessel, containing ca. 0.2 g (accurately weighed) of dry weight sample and the microwave digestion proceeded during different steps accordingly with Vieira et al. (2011) . After digestion and cooling to ca. 30 °C, samples were kept frozen in polycarbonate containers at -20 °C until analysis.
Ca, Mg, Na, K and Zn quantification were carried out using a High-Resolution Continuum Source Flame Atomic Absorption Spectrometer (Analytik Jena ContrAA 700 equipped with a xenon short-arc lamp XBO 301 (GLE, Berlin, Germany) with a nominal power of 300 W operating in a hot-spot mode as a continuum radiation source. Air-acetylene (Air Liquid, Portugal) oxidizing flame was used for atomization.
Cd, Pb, Fe, Mn, Cu, Cr, Ni and As quantification were analysed by using the same equipment but with the Graphite Furnace module equipped with an MPE60 auto-sampler (Analytik Jena, Germany) and argon as inert gas. Transversal and pyroliti-cally coated graphite tubes with integrated platform were used. In order to obtain maximum absorbance and minimum background values, the operational parame-ters were optimized and are presented in Table 1S (Supplementary material). P measurements were performed in a dual beam UV visible spectrophotometer (Evo-lution 300, Thermo Scientific, USA) according to 4500-P standard at 420 nm (Green-berg et al., 1992) . The analytical characteristics such as calibration data and detection limits were evaluated for each element (Table 2S , Supplementary mate-rial)). Calibration curves showed good linearity over the entire range of concentrations with acceptable coefficients (r 2 ) ( Table 2S ). Limits of detection (LODs) were defined and determined as the minimum detectable amounts of analyte with a sig-nal-to-noise ratio of 3:1 (Miller and Miller, 2000) . The attained LODs are sufficiently low for cephalopods safety monitoring purposes considering the maximum heavy metal levels established in cephalopods (without viscera) by the European Commis-sion Regulation (European Commission, 2006; 1.0 mg/kg wet weight (ww) for Cd and Pb). All measurements were performed, at least, in triplicate. Analytical blanks ogenicity index (TI) and hypocholesterolemic:hypercholesterolemic ratio (HH) were determined (Guimarães et al., 2013) . AI, TI and HH indexes were calculated using the Eqs.
(1)-(3), respectively:
and standards were analysed daily and regularly along with samples to check instrument performance. Elemental concentrations were determined on wet (ww) and dry weight bases but to simplify the results, concentrations are discussed in terms of ww.
Fatty acids, total fat, cholesterol and vitamin E analysis
For lipid extraction and subsequent analysis, sample portions were lyophilized (Telstar Cryodos-80, Terrassa, Barcelona), preserved in the dark at 4 °C and finely ground before analysis. Lipids were extracted in accordance with Cruz et al. (2013) . Briefly, an accurate sample portion (300 mg) was extracted with a ternary mixture of propan-2-ol, ciclohexane and 0.9% (m/v) KCl, in the presence of the inter-nal standards (tocol and triundecanoate), plus antioxidants (ascorbic acid and BHT). One third of the organic extract was used for vitamin E analysis by HPLC, after being taken to dryness under a gentle nitrogen stream and reconstituted in n-hexane. The remaining extract was hydrolyzed with KOH (0.5 mol/L in methanol) at 100 °C (10 min) and further methylated with BF3 (30 min at 100 °C) to convert the acyl-snglycerols and free fatty acids in the samples to volatile FAMEs. The lipids were extracted with n-hexane and the solution was used initially for cholesterol quanti-fication by HPLC, and thereafter for fatty acids analysis by GC-FID.
HPLC chromatographic conditions for cholesterol and vitamin E
The liquid chromatograph consisted of a Jasco integrated system (Japan) equipped with an LC-NetII/ADC data unit, a refrigerated autosampler (AS-2057 Plus), a PU-980 Intelligent Pump, and a multiwavelength DAD (MD-910, recorded at 210 nm), connected in series to a FD (FP-2020 Plus; kexc = 290 nm and kem = 330 -nm; gain, 10). The chromatographic separation was achieved on a Supelcosil ™ LC-SI column (75 x 3.0 mm, 3 lm; Supelco, Bellefonte, PA) operating at constant room temperature (23 °C). A mixture of n-hexane and 1,4-dioxane (97.5:2.5, v/v) was used as eluent at a flow rate of 0.8 mL/min. Data were analyzed with the ChromNAV Control Center -JASCO Chromatography Data Station (Japan). The compounds were identified by chromatographic comparisons with authentic standards, by co-elu-tion, and by their UV spectra. Cholesterol was quantified at 210 nm, with calibration based on external standard solutions. Vitamin E was evaluated by the internal stan-dard method based on the fluorescence data.
Gas chromatographic conditions for fatty acids and total fat analysis
Gas chromatography was performed on a Chrompack CP 9001 chromatograph (Chrompack, Middelburg, the Netherlands) equipped with a split -splitless injector, a flameionization detector, and a Chrompack CP-9050 autosampler. The tempera-tures of the injector and detector were 250 and 270 °C, respectively. Separation was achieved on a 50 m x 0.25 mm i.d. CP-Sil 88 column (0.19 lm film; Chrompack-Varian), using temperature program from 140 °C to 220 °C. Helium was used as the carrier gas at an internal pressure of 120 kPa. Fatty acid identification (from C14:0 to C22:6x-3) was accomplished by comparing the relative retention times of FAMEs of commercially available fatty acids methyl esters (Supelco 37-FAME mix). Fatty acids were initially quantified on a g/100 g fatty acids basis and then converted to mg/100 g ww using the fatty acid internal standard (C11:0) and mois-ture content. Saturated fatty acids (SFA) include 12:0, 14:0, 15:0, 16:0, 17:0, 18:0, 20:0, and 22:0, monounsatured fatty acids (MUFA) include 16:1 isomers (x-7 plus x-9), 18:1 (x-7 and x-9), 20:1x-9, 22:1x-9 and 24:1x-9 while PUFA include 18: 2x-6, 20:2x-6, 20:3x-6, 20:4x-6, 22:4x-6, 18:3x-3, 20:5x-3, 22:2x-6, 22:5x-3 and 22:6x-3 , divided into omega-3 and omega-6 fatty acids, respectively. Total fatty acids content was estimated on the basis of the total fatty acid methyl ester area counts in comparison with the undecanoic methyl ester by converting the FAMEs to their respective fatty acid equivalents using the appropriate conver-sion factors.
Estimation of potential public health benefits and risks
The health benefits derived from squid consumption were assessed based on the daily minerals intake and on the quality of their lipids, particularly regarding the long-chain PUFA concentrations. Therefore, important nutritional lipid quality indexes such as total x-3/x-6, DHA + EPA sum, atherogenicity index (AI), thrombThe non-carcinogenic and carcinogenic risks through elemental intake were esti-mated in accordance with the methodology provided in the US EPA Region III Risk-based Concentration table (US EPA, 2010). One age-category P 21 years adult (70 kg) was used. The exposure duration (ED) value used in the intake calculations was 70 years. The non-carcinogenic risks for each individual metal through fish con-sumption were assessed by the THQ (US EPA, 1989): ''the ratio of a single substance exposure level over a specified time period (e.g., subchronic) to a reference dose (RfD) for that substance derived from a similar exposure period''. THQ assumes a le-vel of exposure (i.e., RfD) below which it is unlikely for even sensitive populations to experience adverse health effects. If the exposure level (E) exceeds this threshold (i.e., if THQ = E/RfD exceeds unity), there may be concern for potential non-carcino-genic effects.
Higher THQ values mean a higher probability of experiencing long term non-carcinogenic effects.
For carcinogens, TR were estimated as the incremental probability of an individ-ual to develop cancer, over a lifetime, as a result of exposure to that potential car-cinogen (i.e., incremental or excess individual lifetime cancer risk; US EPA, 1989). Acceptable risk levels for carcinogens range from 10 -4 (risk of developing cancer over a human lifetime is 1 in 10,000) to 10 -6 (risk of developing cancer over a hu-man lifetime is 1 in 1,000,000).
THQ and TR approaches (US EPA, 2010) were calculated using Eqs. (4) and (5), respectively: whe re EFr is the exposure frequency (350 days per year); ED is the exposure dura-tion; IR is the food ingestion rate (1.37 x 10 -3 and 1.12 x 10 -2 kg per day per person for World and for Portuguese population, respectively; FAO, 2012); C is the metal concentration in cephalopods (lg/g); RfD is the oral reference dose (0.001 lg/g/ day for Cd, 0.004 lg/g/day for Pb, 0.0030 lg/g/day for Cr (VI), 0.04 lg/g/day for Cu, 0.3 lg/g/day for Zn, 0.02 lg/g/day for Ni, 0.7 lg/g/day for Fe and 0.02 lg/g/day for Mn; US EPA, 2010); BW is the body weight (kg) and AT is the number of days over which the exposure is averaged (ED years x 365 days/year for non-carcinogenic ef-fects and 70 years x 365 days/year for carcinogenic effects); CSFo is the oral carcin-ogenic slope factor from the Integrated Risk Information System database (8.5 x 10 -3 (lg/g/day) -1 for Pb) (US EPA, 2010). THQ and TR are dimensionless. Total THQ (TTHQ) for each species is the sum of individual metal THQ values.
Statistical analysis
Statistical analysis was performed using the SPSS (IBM SPSS Statistics 20) and Statistica software (v. 7, StatSoft Inc., USA). Data were expressed as median and range and were grouped according to species and origins. The non-parametric tests Krushkal-Wallis and Mann-Whitney U-test using Bonferroni corrections for multi-ple comparisons were applied due to non-normal distribution of the data. Statistical significance was defined as p 6 0.05 (p-value at 95% confidence level).
CDA was performed to evaluate which variables may be used as chemical descriptors between the five species and/or three origins.
Results
Elements in edible tissues of squids
Median, 25% and 75%, percentiles minimum and maximum amounts of the 13 detected elements in the edible tissues of the se-lected squid species are presented in Fig. 1 . Data are organized based on the essentiality and levels of the elements, i.e., as macro ( Fig. 1A) , minor (Fig. 1B) and toxic elements (Fig. 1C) . The concen-trations of arsenic are not presented since all samples displayed values lower than the attained limit of detection (Table 2S ) which is in accordance with literature data that indicate very low As amounts for the only characterized species, L. vulgaris (Cirillo et al., 2010) .
Macronutrients concentration
Na, K, P, Mg and Ca are macroelements that are critical for biological functions in the human body. The series that describe the interspecies comparison for each element median level are the followings: (Fig. 1A) . Similar patterns among species were observed for K and P. L. opalescens presented the upper concentrations of these elements (4695 mg/kg ww for K and 1526 mg/kg ww for P) while the highest median levels of Na (9484 mg/kg ww) and Mg (914 mg/kg ww) were detected in L. reynaudii. L. vulgaris and L. reynaudii showed the highest and very similar concentrations of Ca (105 mg/kg ww for L. reynaudii and 106 mg/kg ww for L. vulgaris).
L. opalescens, which was the only studied species from the Paci-fic Ocean, exhibited statistical significant differences (p < 0.001) with all the other species for all the macro-elements except with L. vulgaris for Na and Ca and L. duvaucelii for Na (Fig. 1A) . Signifi-cant interspecific differences (p < 0.001) were also observed be-tween the two species from the Indic Ocean (L. duvaucelii and L. vulgaris) and also among those from the Atlantic Ocean (L. gahi and L. reynaudii) for all the elements except P.
The median content of each metal by species can be represented by Na > K � P > Mg > Ca for L. duvaucelii and L. gahi; Na > K > P > Mg > Ca for L. reynaudii; Na > P � Mg > K > Ca for L. vul-garis, and K > Na > P > Mg > Ca for L. opalescens. The most different profiles correspond to L. opalescens, and also to L. vulgaris but in a lesser extent. The concentrations of these minerals reflect the bio-logical characteristics of each species but also the environmental growing conditions.
Micronutrients concentration
The concentrations of Zn, Cu, Fe, Mn, Cr and Ni are displayed in Fig. 1B . As in the case of the macroelements K and P, L. opalescens had the highest concentration values of the analysed elements (12.61 (10.25-17.53) mg/kg ww for Zn, 2.97 (1.73-7.86) mg/kg ww for Fe, 0.49 (0.22-0.71) mg/kg ww for Mn and 0.019 (0.011-0.036) mg/kg ww for Cr. L. vulgaris was the poorest species regarding median concentrations of Zn, Fe and Mn. All the characterized spe-cies had significant interspecific differences (p < 0.001) concerning their Mn concentrations. Similarly with the statistical results of the macronutrients, the two species from the Indic Ocean (L. duvau-celii and L. vulgaris) and also those from the Atlantic Ocean (L. gahi and L. reynaudii) presented significant differences (p < 0.001) among them for all the elements except for Ni and Cr. In accordance with Ca and Mg, no significant differences were observed between L. vulgaris and L. reynaudii (p = 0.269) for iron levels.
The order that describe the micro-nutrient concentrations in the analyzed species are: Zn > Cu > Fe > Mn > Ni > Cr for L. duvau-celii, Zn > Cu > Fe > Ni > Mn > Cr for L. vulgaris and L. reynaudii; Zn � Cu > Fe > Mn > Ni > Cr for L. gahi and L. opalescens. Zn and Cu were the highest concentration elements ranging from 7.05 (L. gahi) to 17.53 mg/kg ww (L. opalescens), and 0.60 (L. reynaudii) to 31.50 (L. gahi) mg/kg ww, respectively. Cr was detected globally in similar mean levels but in a quite wide concentration range (from 0.003 for L. gahi to 0.058 mg/kg ww for L. reynaudii). Ni levels showed the higher variability ranging about 400 times between the minimum detected in L. vulgaris (0.011 mg/kg ww) and the maximum values (4.43 mg/kg ww) in L. reynaudii.
Concentrations of toxic elements
The concentrations of Cd and Pb are exhibited in Fig. 1C . The concentrations of Cd were approximately one order of magnitude greater than those of Pb. The orders that represent the interspecies comparison are: In relation to Cd concentrations, statistically significant differ-ences (p < 0.001) were verified between all species except L. duvau-celii and L. vulgaris (from the same ocean), and L. duvaucelii and L. reynaudii (from different geographical origin). Regarding Pb, only L. duvaucelii and L. opalescens presented similarities (p = 0.089).
Total fat and fatty acids in edible tissues of squids
The trend of total fatty acids median was L. opalescens > L. ga-hi > L. duvaucelii > L. vulgaris > L. reynaudii, with the highest concentration reaching 1.22 mg/100 g ww and the lowest 0.84 mg/ 100 g ww (Table 1 Regarding the fatty acids composition on an edible basis (mg/ 100 g ww) only the ones with more quantitatively/nutritional importance are detailed (Table 1) .
PUFA ranged from 327 mg/100 g ww (52.2% of total fatty acids) for L. gahi to 903 mg/100 g (63.7% of total fatty acids) for L. opales-cens. L. duvaucelii was not statistically different from L. vulga-ris(which are both from the same ocean) and L. reynaudii (from another ocean), being all significantly different (p < 0.05) from L. opalescens. DHA (C22:6x-3) varied from 210 mg/100 g ww for L. duvaucelii and L. gahi to 612 mg/100 g ww for L. opalescens and presented the same statistical pattern as total PUFA. EPA (C20:5x-3) concentrations ranged from 68 mg/100 g ww for L. vulgaris to 244 mg/100 g ww for L. opalescens. MUFA global median values ranged from 82 ± 11 mg/100 g ww (9.2 ± 0.7%) for L. vulgaris to 119 ± 19 mg/100 g ww (10.6 ± 1.8%) for L. gahi. Statistical differences (p < 0.05) were observed between L. gahi and the other species with the exception of L. opalescens, as well as among L. opalescens and L. duvaucelii, L. vulgaris and L. reynaudii. C18:1, which is the sum of C18:1x-7 and C18:1x-9, con- Table 1 Fatty acids composition (as mg/100 g), total fatty acids, cholesterol and vitamin E concentrations (median ± standard deviation and range; wet weight) of the edible tissues of the characterized squid species. Each letter (a-e) corresponds to a species (a -L. duvaucelli,b-L. vulgaris,c-L. gahi,d-L. reynaudii and e -L. opalescens C18:2x-6 3.7 ± 2.7 a 3.2 ± 0.8 ab 6.3 ± 1.4 ac 6.8 ± 2.4 acd 6.7 ± 1.9 acde (2.5-9.4) (2.5-5.1) (3.7-8.7) (3.0-12) (4.0-11) C20:2x-6 2.2 ± 0.6 a 2.0 ± 0.4 ab 4.3 ± 1.0 c 2.8 ± 1.2 ad 4.1 ± 0.9 ce (1.3-3.3) (1.0-2.5) (3.2-6.8) (1.5-6.5) (2.9-5.5) C20:4x-6 48 ± 13 a 45 ± 8 ab 18 ± 7 c 12 ± 4 cd 27 ± 7 e (25-69) (33-59) (6-31) (8-22) (19-41) C22:5x-6 12.7 ± 2.4 a 12.1 ± 1.9 ab 3.6 ± 1.8 c 3.8 ± 1.0 cd 5.5 ± 1.9 cde (8.3-16.7) (8.6-15) (0.8-6.3) (2.6-5.9) (2.0-8.9)
x-6 PUFA 72 ± 18 a 67 ± 10 ab 35 ± 10 c 27 ± 7 cd 47 ± 10 e (42-101) (50-84) (16-53) (19-44) (32-67) C18:3x-3 1.7 ± 0.6 a 2.4 ± 0.7 ab 2.5 ± 1.3 abc 1.7 ± 0.5 abcd 4.5 ± 0.8 e (1.4-2.9) (1.6-3.9) (1.0-5.6) (1.4-2.9) (2.9-5.8) C20:5x-3 (EPA) 102 ± 26 a 98 ± 18 ab 178 ± 36 c 128 ± 32 cd 184 ± 30 ce (69-155) (68-120) (87-212) (101-187) (142-244) C22:5x-3 13.4 ± 2.5 a 10.9 ± 2.1 ab 5.7 ± 1.4 c 5.6 ± 1.8 cd 5.1 ± 2.1 cde (8.0-18.7) (7.7-15.9) (3.0-8.3) (3.9-9.4) (3.0-12) C22:6x-3 (DHA) 306 ± 59 a 314 ± 51 ab 430 ± 102 c 300 ± 68 abcd 491 ± 82 ce tributed the most for the MUFA ranging from 25 mg/100 g ww (3.57%; L. reynaudii) to 76 mg/100 g ww (6.67%; L. duvaucelii).
Cholesterol concentrations
The order that describes the cholesterol median concentration by (Table 1) . Levels ranged from 140 (L. vulgaris) to 549 mg/100 g ww (L. opalescens). No statistical differences were observed between L. vulgaris, L. duvaucelii and L. reynaudii while L. opalescens presented significant differences with the others.
Vitamin E concentrations
The order that describes the vitamin E concentration by species is L.
Overall, vitamin E median values ranged from 0.76 ± 0.41 mg/ 100 g ww for L. duvaucelii to 3.0 ± 0.4 mg/100 g ww for L. opalescens (Table 1) . A strong similarity was found between L. vulgaris and L. duvaucelii (p = 0.97). Also, L. gahi showed no statistical differ-ences with L. reynaudii (p = 0.58), both from the Atlantic Ocean.
Estimation of potential public health benefits and risks
Recommended daily allowances (RDA) are regularly updated by health authorities for each element, on the basis on scientific evi-dences or, when inconsistent, adequate intakes (AI), being this the actual case for Na, K, P, Mg, Ca, Cu, Zn, Fe, Mn and Cr (European Commission, 2008; EMEA, 2008; FNIC, 2010) . Ni, although recently included in the list of essential minerals, should be observed with caution due to its toxicity, with recommendation regarding re-stricted tolerable upper intake level (UL) (EMEA, 2008; FNIC, 2010) . These guidelines represent intakes where there is essen-tially no risk, as far as it can be judged from the available scientific evidence.
The daily mineral intakes (DMI,%) were estimated based on the consumption of 100 g portion of fresh squids and on the RDA, AI and UL (European Commission, 2008; EMEA, 2008; FNIC, 2010) (Table 2 ). The attained ranges are, by descending order, 12.6-116.2% for Cu > 25.0-63.2% for Na > 10.2-24.4% for Mg > 13.4-21.8% for P > 3.6-23.5% for K > 9.2-12.6% for Zn > 2.8-6.9% for Ni > 3.0-4.8% for Cr > 0.6-2.4% for Mn > 0.6-2.1% for Fe > 0.5-1.3% for Ca. The richest species is L. opalescens (1.0% for Ca to 118.4% for Cu) and the poorest is L. vulgaris (0.6% for Mn to 34.9% for Na). Concerning Cd and Pb, the respective estimated mean monthly and daily intakes were calculated based on world (0.5 kg per capita per year) and Portuguese (4.1 kg per capita per year) cephalopod consumptions (FAO, 2012) since no specific data concerning squids were found. These values characterize well the potential public health risks for low (France, Russian Federation, U.S.A, Chile and Indonesia) and top (Mediterranean and Asian countries) consum-ers (FAO, 2012) . Furthermore, since the analyzed squid species are those commercially existing in Portugal, risk assessment based on the Portuguese consumption is pertinent.
In view of the long half-life of Cd, the Joint FAO/WHO Expert Committee on Food Additives (JECFA, 2011) decided recently to ex-press its tolerable intake as a monthly value in the form of a PTMI. The reached estimated intakes were clearly below the respective PTMI established (25 lg/kg body weight) (Table 3) (JECFA, 2011) .
Regarding Pb, the previous PTWI (25 lg/kg body weight) was recently withdrawn (JECFA, 2011) . The JECFA also concluded that it was not possible to establish a new PTWI that would be consid-ered to be health protective. The attained dietary Pb exposure esti- Table 2 Recommended daily allowance (RDA; mg/day)/adequate intake (AI; mg/day) and estimated daily mineral intake (DMI, %) derived from the consumption of squid (100 g).
mates ranged from 0.001 x 10 -2 to 3.23 x 10 -2 lg/kg body weight per day. They are considerably below the exposure level of 1.2 lg/ kg body weight per day calculated by the Committee to be associ-ated with a population increase in systolic blood pressure of 1 mmHg. Consequently, it may be considered that any health risk that would be expected to occur at the estimated exposure level is negligible (JECFA, 2011) .
The results of the THQ and TR established by the U.S. Environ-mental Protection Agency (US EPA, 2010) are also displayed in Ta-ble 3. The total THQ values obtained were overall lower than the threshold of the unity indicating that consumption of the charac-terized squid species may be considered safe regarding potential non-carcinogenic risks. Still, THQ values reached ca. 0.62 and 0.52 through L. duvaucelii and L. gahi, respectively, based on Portuguese consumption mainly due to the contribution of Cd. This con-clusion is also supported by the detection of some samples of these species that presented Cd concentrations higher than the maxi-mum level recommended by the EC Regulation (1 mg/kg ww for Cd) (European Commission, 2006) .
The target carcinogenic risks derived from the intake of Pb were calculated since this element may promote both non-carcinogenic and carcinogenic effects depending of the exposure dose (Table 3) . Pb is classified as probable carcinogen based on animal studies (US EPA Group B2). Although Cd is also categorized in US EPA group B1 (probable carcinogen due to human studies), respectively, its TR was not estimated since the ingestion slope factor (CSFo; chemi-cal-specific) is not established for this element (US EPA, 2010) . For carcinogens the EPA believes that setting a 10 -6 risk level for individual chemicals and pathways will generally lead to insignif-icant cancer risks. However, caution is recommended to ensure that the cumulative cancer risk for all potential carcinogenic con-taminants does not have a residual cancer risk exceeding 10 -4 (US EPA, 2010). Whatever the squid species taken into consider-ation in this study, the TR values were clearly lower than the upper (10 -4 ) health-based guideline level indicating that there are no carcinogenic risks concerning Pb ingestion.
For the lipid components, several studies have revealed that increasing dietary x-3/x-6 ratio helps reducing some health risks.
The recommended ratio differs between authors but it is always superior to 1 (Chow, 2008) . These squid species have x-3/x-6 ra-tios ranging from 5.7 ± 0.7 (L. duvaucelii) to 17.7 ± 2.2 for (L. gahi). Furthermore, a portion of 37 g (L. opalescens) to 62 g (L. vulgaris) provides the recommended daily EPA + DHA intake of 250 mg (EFSA, 2010) . The attained mean AI (0.43 ± 0.04 to 0.51 ± 0.02) and TI (0.17 ± 0.01 to 0.23 ± 0.01) ( ways regarding cholesterol effects (Chow, 2008) . Overall, the mean HH values (Table 1) varied from 1.9 ± 0.7 (L. reynaudii) to 2.5 ± 0.6 (L. opalescens).
Being present in reduced amounts, vitamin E does not represent an important nutritional attribute. Its main function is to protect the squid lipids from oxidation, particularly the PUFA, being there-fore associated with the total fat and PUFA amounts.
Discriminant analysis
Firstly, CDA was tested to distinguish the oceanic origin of the species via their standardized macro and micronutrients level Table 3 Estimated monthly intake (EMI) (lg/kg body weight), estimated daily intake (EDI) (lg/kg body weight), target hazard quotients (THQ) and carcinogenic risks (TR) (mean and range) for some metals detected in the characterized squid species. (Fig. 2a) , as well as their individual fatty acids content (Fig. 2b) . Three clusters corresponding to each one of the ocean are clearly individualized reflecting the marked influence of the environmen-tal conditions in the levels of essential mineral and fatty acids in the studied squid species. Concerning the CDA scatter plot based on mineral amounts (Fig. 2a) , the first canonical function, CF1 (var-iance of 82.3%) is mainly correlated with K and to a lesser extent with Cu and P, while Na, Cu and P are the major contributors for CF2 (variance of 17.2%). Regarding Fig. 2b , the two functions issued from CDA on the data matrix of fatty acids explain up to 100% of the observed variance (92.8% for CF1 and 7.2% for CF2). CF1 is mostly influenced by C20:4x-6, C20:5x-3 and C18:1 whereas CF2 is mainly affected by C16:0, C18:1, C20:1x-9 and C20:5x-3. In a second attempt, CDA was applied to group the different species (Fig. 3) . The results based solely on individual fatty acids are depicted in Fig. 3a . They provide satisfactory differentiation of the characterized squid species. Only the two first CFs were plot-ted combining a total variance of 96.8%. CF1 of 89.6% variance sep-arates all groups except L. gahi (mean canonical variance, MCV, of 6.40) and L. opalescens (MCV of 6.86) L. vulgaris and L. reynaudii, respectively) . Interpretation of the standardized coefficients of canonical variables showed that CF1 is more correlated with C18:0, C20:4x-6, C18:1, C18:3x-3, C14:0 and C22:5x-6. CF2 with a 7.2% variance distinguishes L. opalescens (MCV of 3.57) from the other squids while there is no significant separation between L. gahi (-1.21) and L. duvaucelii (-0.60) . CF2 revealed to be more influenced by C16:0, C20:5x-3, C18:1, C22:6x-3 and C20:1x-9, of higher nutritional relevance. The best differentiation among L. gahi, L. reynaudii and L. opalescens was reached combining data from the major fatty acids (C14:0, C18:0, C18:1, C18:3x-3, C20:4x-6 and C22:5x-6), vitamin E, and the elements P, K and Cu (Fig. 3b) . Two significant CF were obtained. CF1 (80.7% of variance) revealed to be strongly linked with C14:0, C18:0, C18:3x-3 and C20:4x-6. The compounds K, C22:5x-6 and Cu concentrations are the variables that contributed the most to CF2.
Discussion
Concerning the macroelements, Na, K, Mg, Ca can be suitable chemical descriptors for L. duvaucelii and L. vulgaris, and for L. gahi and L. reynaudii from the same origin. P can allow differentiation of the oceanic provenance and discrimination of L. opalescens only 
